 Combination of uHG and blend sign could predict hematoma expansion better than the single of variables.  Combination of uHG, blend sign and the clinical risk factors could stratify poor outcome better than the ICH score.
Introduction
Intracerebral hemorrhage (ICH) is a least treatable form of stroke with approximately 30% of patients experiencing continued bleeding after the initial event [1] . During the early stage after the onset of hemorrhage, neurological deterioration is related to hematoma expansion (HE), which played a crucial role throughout ICH [2] [3] [4] . Larger baseline ICH volume [5] , shorter time to initial CT scan (especially within 0-3 h from onset) [6, 7] , and heterogeneity of hematoma density on admission CT were proposed to be important predictors of HE in patients with ICH [3, 8] .
The CTA spot sign was described as the presence of active contrast extravasation within the hematoma with high specificity and sensitivity for predicting HE [9] . However, spot sign requires early CTA examination which is not available in many institutions [10] . Recent studies suggested that NCCT was easily available and could be used in the prediction of HE in all clinical settings [7] . Some NCCT markers, such as swirl sign [11] , hypodensities [7] , irregular shape [8] , blend sign [12] , and black hole sign [13] , island sign [14] , had been identified as promising imaging markers for predicting HE [15] .
Baseline ICH volume was a well-established predictor of HE and poor clinical outcome in patients with ICH [4, 16] . In addition, the baseline ICH volume was useful as a component in the 24-point BRAIN score or in the practical prediction model to stratify HE [17, 18] . The onset-to-imaging time (OIT) was an independently risk factor of HE [19] , which took a good achievement in BAT score or in HEP score to stratify HE [20, 21] . Recently study demonstrated that the ultra-early hematoma growth (uHG), which was defined as the baseline ICH volume (mL) divided by OIT (hours), had been suggested as a promising marker with diagnosis of HE [22] . Other J o u r n a l P r e -p r o o f study suggested the threshold value of uHG > 5mL/h was related to both HE and higher risk of poor prognosis [23] . In addition, the cut-off value of uHG > 4.7 mL/h was identified as improving the sensitivity of the spot sign in prediction of HE, early neurologic deterioration and 90-day mortality [24] . However, whether uHG can improve the accuracy of blend sign in the prediction of HE and poor outcome is still unknown. In addition, there was no prediction model or grading scale to identify whether combination of uHG and blend sign is useful tool to stratify HE and poor outcome.
In line with this, we aimed to investigate the new prediction model combining uHG and blend sign to stratify HE and poor outcome with patients in acute ICH.
Materials and methods

Study population
Consecutive patients in this cohort study presented with primary ICH from July 2011 to October 2016. All patients were enrolled in the First Affiliated Hospital of Chongqing Medical University.
Data collection was approved by the Ethics Committee of the hospital. We retrospectively analyzed the data from our ongoing prospective ICH research. This study was conducted in accordance with the principles of the Declaration of Helsinki. Informed consent was obtained from each participant or their legal representatives.
The inclusion criteria included ⑴ initial CT scan were administrated on ultra-early stage within 6 h after onset of symptoms; ⑵ follow-up CT scan within 36 h after the initial CT scan; ⑶ age was older than 18 years. Exclusion criteria included ⑴ anticoagulant-associated ICH; ⑵ presence of secondary ICH caused by traumatic brain injury, brain tumor-related stroke, or hemorrhagic infarction.
Clinical data
The clinical data included demographic characteristics, medical history, clinical features on admission. Demographic characteristics included age, sex; medical history included the history of alcohol consumption, smoking, hypertension, diabetes mellitus. Clinical features on admission included systolic blood pressure (SBP), diastolic blood pressure (DBP), admission Glasgow Coma Scale (GCS) score, and National Institutes of Health Stroke Scale (NIHSS) score. The primary outcome was HE and secondary outcomes was 90-day Modified Rankin scale (mRS) outcome. Poor outcome was defined as mRS score with 3-6. Both HE and poor outcome were investigated in the J o u r n a l P r e -p r o o f ultra-early stage which was defined as time frame under 6 hours since symptoms onset. The ICH Score was weighted of independent predictors with the sum of individual points assigned as follows:
admission GCS score was defined as 3 to 4 (=2 points), 5 to 12 (=1 point), 13 to 15 (=0 point) and dichotomous data were classified as following standards of age ≥ 80 years, infratentorial location, ICH volume ≥ 30 cm 3 , intraventricular hemorrhage (IVH) (positive =1, negative=0) [25] . The CT scans were saved in Digital Imaging and Communications in Medicine format for imaging analysis. Hematoma volume was measured using the ABC/2 formula [26] . Any intraventricular extension of the hemorrhage was not counted into the baseline ICH volume. All imaging parameters were assessed by 2 well-trained readers who were blinded to the clinical data and outcome information. uHG was defined as the baseline ICH volume (mL) divided by the interval time from symptom onset to the initial CT (hours) as previously described [22] . HE was defined as a 33% increase in hematoma volume or an absolute increase of 6 ml at the follow-up CT scan according to previous definitions [7, 9] . Blend sign was defined as previously described in figure 1 [12] . The probability of combing markers to stratify HE and poor outcome were established according to the β coefficients from the results of logistic regression as previous studies defined [18, 27] .
Radiological data and analysis
Statistical Analysis
Receiver operating characteristic (ROC) curves were configured to calculate predictive values of variables for diagnosis HE and poor outcome. The optimal cut-off value of independent variables and combining markers were measured using the Youden Index. The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), positive likelihood ratio (+LR) and negative likelihood ratio (-LR) for predicting HE and poor outcome were evaluated.
Results
A total of 257 patients were finally included in our study. There were 170 males and 87 females. [12] [13] [14] [15] ; P < 0.001) and higher ICH score (1 [0-2] vs. 1 [0-1]; P < 0.001) than without HE. Blend sign was more common in patients with HE than those without (43.5% vs. 5.8%; P < 0.001). Patients with HE experienced higher 90-day poor outcome (67/85, 78.8% vs. 68/172, 39.5%, P < 0.001), higher 90-day mRS score (5 [3] [4] [5] [6] vs. 2 [1] [2] [3] [4] ; P < 0.001) than without HE. Patients with poor outcome showed older age (62.2 ± 12.3 vs. 57.1 ± 11.2 year, P = 0.001), lower GCS scores (12 [8] [9] [10] [11] [12] [13] [14] J o u r n a l P r e -p r o o f vs. 14 [13] [14] [15] , P < 0.001), higher baseline ICH volume (16. Multivariate regression analyses showed uHG and blend sign were independently associated with HE (P < 0.001) (Figure 2A ). In addition, multivariate regression analyses showed that older age, lower admission GCS scores, higher uHG, presence of IVH at baseline CT and blend sign were associated independently with poor outcome (P < 0.05) ( Figure 2B ). Based on the regression coefficients (β), the logistic regression equations were conducted with probability of combining marker for HE and poor outcome as followed: As these prediction models were founded according to the result of logistic regression, the ROC curves of combining markers were fitted in predicting HE and 90-day poor outcome, then compared with single variables and ICH score ( Figure 3 ). The accuracy of ROC curves was shown in Table 2 .
For predicting HE, The AUC value of combining marker was higher than uHG (0.846, 0.80-0.90 vs.
0.764, 0.70-0.81) or blend sign (0.846, 0.80-0.90 vs. 0.689, 0.61-0.76) ( Figure 3A ). Compared with uHG and blend sign, combining marker had the best sensitivity (87.1%), NPV (91.0%), and -LR (0.2); but blend sign had the highest specificity (94.2%), PPV (78.7%), and +LR (7.49) than combining marker and uHG. For predicting poor outcome, the AUC values of age, admission GCS score, uHG, IVH at baseline CT, blend sign were lower than 0.7. In addition, the AUC value of combining marker arrived at 0.80, which was also better than ICH score (0.800, 0.75-0.85 vs. 0.717, 0.66-0.78, Z = 3.242, P = 0.001) ( Figure 3B ). Among these variables for predicting poor outcome, the combining marker had the best sensitivity (75.6%), NPV (73.2%), -LR (0.33), blend sign had the highest specificity (91.8%), ICH score had the highest PPV (80.3%) and +LR (3.68).
J o u r n a l P r e -p r o o f
Discussion ICH is a dynamic process and HE is independently associated with poor outcomes [16] .
Anti-expansion therapy is a promising therapeutic target for clinical trials [28] . In our study, HE was validated to be associated with 90-day mRS outcome. Neuroimaging was recommended for detecting ICH and assessing the risk of HE [29] , while spot sign and other NCCT markers were identified to be useful predictors of HE and poor outcome. Spot sign is a powerful marker of predicting HE, but limited by the clinical applying of CTA [20] . Because NCCT is easily performed to detect ICH, NCCT markers can took a readily available tool to stratify the risk of HE and poor outcome [10] .
In our study, we validated that the baseline ICH volume and OIT were associated with the risk of HE and poor functional outcome. In addition, we also validated that uHG can improve the accuracy of baseline ICH volume to stratify HE and poor outcome as a promised marker [22] . we also validated that blend sign was an independent risk factor but lack of excellent AUC and sensitivity to stratify HE and poor outcome as previous studies demonstrated [12, 15] . Conversely, blend sign achieved good specificity and accuracy to stratify HE in BAT score [20] . In another prediction model basing on logistic regression and ROC curves in predicting HE in the basal ganglia, blend sign combining island sign and clinical factors was identified associated with HE [27] . The baseline ICH volume in BRAIN score and OIT in BAT score / HEP score had been well established to stratify HE [17, 20, 21] . For all of above reasons, we sought to investigate whether uHG combining blend sign would be a useful and simple tool to stratify HE and poor outcome. Based on our study, we found probability of this combining marker was significantly better than single of uHG or blend sign to stratify HE, which demonstrate this simple tool was good discriminative ability to stratify HE in patients with ICH.
The ICH score is an important clinical grading scale and recommended by AHA/ASA guideline [29] . The ICH Score is firstly proposed by Hemphill, J. C. et al as a simple and reliable tool for risk stratification of 30-day mortality and long-term functional outcome [25, 30] . We validated SBP and DBP were no relation to HE and poor outcome as previous studies mentioned [31] . Based on logistic equation and ROC curves, the combining marker played more excellent stratification of poor outcome than any one risk factor of age, admission GCS score, uHG, IVH at baseline CT and blend sign. Although the clinical risk factors in this prediction model for predicting poor outcome was also J o u r n a l P r e -p r o o f related to the components of the ICH score, but the combining marker took different values with the ICH score for predicting poor outcome. The ICH score had the better AUC than single components to stratify poor outcome, meanwhile, we validated that the ICH score had the lower accuracy of AUC, sensitivity, NPV and -LR than the combining marker in stratification of poor outcome.
There were some limitations in the present study. First, the sample size of this cohort is relatively small and need more detailed subgroups study in future. Second, because this study was conducted in a single medical center, external validation of our prediction models should be investigated in multicenter or in larger datasets.
In conclusion, uHG combining blend sign was a simple model, but could be a useful tool for better stratification of HE and poor outcome with patients in acute ICH.
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